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I. Introduction.

2 Monitoring of chemical storage depots incorporates a comti ation o

bubblers, blue band detector tubes, avl.MRiM3r-l automati.: chemic i e,--

These methods suffer frcm expense. time, sensitivity and seie:tiv- ,

restraints. A potential solution to upgrade current moritori;io o -o- due.

to use Miniature Automatic Continuous Air Monitor Systems (MIiTICAN!C) .,'w-,(

in a mobile vehicle with heated sample lines that wculd te ie-, -.st

chemical munition storage igloo. The ad,,antages ,f MrNfC!MS T ,tc--J

be cr nt sav'inns. sen,,itivity improvement. and shori enir,: -: f

Pine Bluff Arsenal was taslked with performing field :'ia- ."

MINICAMS to determine the reliability and functional capabilit'e.; ,r-

units. Two multiagent MINICAMS were pur':hased from 1-rI3 Reqpe :- - - --

Fetection Directo'ate, Chemical Research De,,,eloDment and F-.'I,' -

(CRDEC), Aberdeen Proving Ground, and loaned to the Pine Bluff irsra!

for testing and evaluation. They were installed in a veh.c.->.  r3c.. .

modified to support a mobile laboratory operation. The foloi,",: -t

documents the !aborator'./ and field functioning tests which ter e zoe'>-Ted.



II. Experimental.
A. Instrumentation.

The m,-ltiagent MINICAMS S/N 1394 and 13Q5 air monitoring and

alarm systems were purchased from CMS Research Corp., Birmingham, Alabama.

The systems consist of sorbent tube collection devices. -aoillar, 9C :olumns

ard flame-ohotometric detectors with automated timing circuits zrc -

(See Diagram 2, page 10). The entire system is contained in a sing1e ct-assis

which includes the sampling and analytical system, the controller. and the

display. Basic instrument operating oarameters (gas floN-;, deterts-

temperature, etc.) :an be set by the operator.-, Concentratioi readi -,, ac!

alarm conditions are indicated on the liquid crystal discria., LC' nd r;-

transmitted to a dual pen recorder, a printer, a fln p.,, di=, dri,,e, and -

remote computer The recorders and floppy disc drives were pturchased fr'om CME

Research Corp.

A two ton dual rear wheel Utilimaster Ford trw:jr t.as

into a mobile laboratory and housed all necessary equipment. See D'aqrm ,

oage 8, for the general layout.

The MINICAMS, when in the mobile laborator. , ver_ -owerrz d

oarallel 2000 watt TRIPP Lite inverters from Trippe Manufacturina CO. The

inverters supplied uninterruptable 120 vac. from a 12 volt battery paCL, .h:c-t-

in turn was charged by an on-board 120 vac. Onan generator. The TRIPP

inverter was mooified ftom a square wave to a sine Waie output occausE ir

became evident that the MINICAMS circuitry would not operate on a square wive.

The model 1531-1078-G288X vacuum pumps from Gast Manufacturing Co. for air

sampling were powered directly from the Onan generator. The heated sample
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lines purchased from CMS Research Corp. were powered independently of the van

from a 120 volt power line run to the igloo. The 75 foot sample lines were

1/4" o.d. teflon wrapped with heat tape for uniform heating. The operating

temperature was approximately 60 degrees C. The sample lines were connected

to the outside of the truck with stainless steel Quick-Connect fittings.

'2 SHOWER 0

work bench

O GAS BOTTLES 0_____

0 EYEWASH 8'

SBUILKHEAD M
= CONNECTOR 0'"-'-

M._ICAMSwork bench 0
7 MINICAMS 

1 0

MOBILE LABORATORY FLOOR PLAN Diagram 1
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B. Principles of Operation.

The MINICAMS were set to sample air through an inlet check

valve and preconcentrator tube (PCT) for 180 seconds using a vacuum pump. ThE

vacuum pump flow rate was set at 1 liter/minute. After sampling 3 liters of

air a valve switched from vacuum to nitrogen (20 psi. head pressure), and

directed it through the PCT into a DB-l equivalent capillary column (0.32 mm.

i.d., 15 meters, coated with a 4 micron methyl silicone film). The PCT was

ballistically heated to 220 degrees C. for 30 seconds to purge the agent Tio"

collected on the capillary column. The capillary column was then ramped fr-nm

30 to 180 degrees C. in 45 seconds to separate the agent from interferents :n,

elute it into a flame photometric detector (FPD). The FPD is especially

sensitive and selective to phosphorus and sulfur containing compounds (See

Diagram 2, page 10). A choice of optical filters in the photomultiplier tut

brackets either 526 nanometers for phosphorus or 394 nanometers for sulfur.

Agents were identified by retention time and quantitated by peak height.

Agent concentrations were automatically calculated into TWA equivalents basec

on the standard used to calibrate the instrument and displayed on the LCD.

instrument alarm and warning light were configured to alert the operator Zi

high concentrations of agent. Data from the test program was assessed b ,

"CERTIFY" software used in the Laboratory Quality Assurance Program at Pitz

Bluff Arsenal.

A dual pen recorder was used to help distinguish the agent f-cO

possible interferences in the chromatogram. A floppy disc was used as an

optional means of data collection. Data was primarily collected by writing

LCD displayed results on data sheets.

9



INLET CHECK VALVEFPD air in/

PR ECO NCE NTR ATOR
1 '---->-. to vacuum pump

MINICAMS FLOW DIAGRAM

Diagram 2

C. Acceptance Requirements.

All agents were injected into each instrument according to the

scheme shown in Table 1. TWA challenges were calculated by assuminq 100%

trapping efficiency when sampling air at TWA agent levels. Agent samples were

then diluted so that 5 ul contained the amounts expected when sampling air at

1 TWA.

10



TABLE I

Acceptance Testing Scheme for MINICAMS for all Agents

Injection Scheme Acceptance (TWA) Ranqe

one 0 ul injection = 0 TWA --- N/A
cne I ul injection = 0.2 TWA (.15--- I -- -','
-Five 2. 5 ul i:iJ e ct i -n s = 0. 5 TWA 0 3- - '  .. '. ... 5

ten 5 ul injections = I TWA 0.75--- '- -- 1.25
five 10 u7 injections = 2 TWA .5 -- 2.50

This scheme calls for making 22 injections for each agent on P.ach -nstrument.

For the MINICAMS to perform acceptaolv, 95;; of + -. ,:

or I TWA equivalent values must be in the range of 0.75 tn ,.2= T.- .

;Aditionally. 75% of the remaining values must be within 2 " n4

theoretical values, except for the 0.2 TWA equivalent val.es '-,here tne re=J:

are desired but not required (See Appendix 1).

Field Functional testing 1,ias carrie o't : sinr2 r -

ar1e 2. One set Consisted Cf "'data pcints as s-ncwn. L.ch .- _ -,=-'

rhallened with 64 sets under varvina field conditions.

TABLE 2

Data Sets Collected for Field Functional Testi'-7

lnjection Scheme Taj-et (TW() ace

5 ul = 1 TWA = 0.3 ng GB 0.75---cl'°0--1.25
2.5 Ul = 0.5 TWA = 0.15 ng GB 0.38--- --- 0.62
10 ul = 2 TWA = 0.6 ng GB t.50---- --- 2.50
0 ul = 0 TWA = blank N/A

Injections were made in the order shown.
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D. Agents Used in Testing.

Neat SARM agents were obtained from CRDEC, Aberdeen, Marvand.

The G2 was 95.7 mole% pure by NMR: the HD was 97.6 mole' oure: and the ;

was 95.9 mole% by NMR. Dilutions Nere made into henare. A17- st0o"4 an!

standards were stored at 0 to -IcC.

E. Test Procedures.

I . General.

The MINICAMS were turned cn and qas cylinders cmenod, Aith

nitrogen and air head pressures adjusted to 20 and 35 csi.. rencectivn!,. --.

hydrogen pressure was set to 10 psi. until the flame phct.ne r- rt4c74r

(PPD) block -eached approx. 100 degrees C. The multiagenr units s e an

autoignite feature. After the flame autoignited, the hydrogen pressure was

increased to 35 psi. The proper optical filter and preconcentrato- tube wer-

ver if ied.

Thp agent to be analyzed and correct input operatinq

parameters were selected on the analog screen. The PARAM push-t jtton Pro ttn-

INCR or DECR push-buttons were depressed to set the sample flow .cZF) , .c.

ml/mir (if no lirear mass flowmeter (LMF) is available, set SAMF to zernl

otherwise an error code will be activated during the sampii,,q nericd). Af ea-

turning on the vacuum pump, the signal screen was selected by pe.essi- ths-

:NCR and PAGE push-buttons. When the MINICAMS unit was in the sampiing pe,;w:"

(the clock is also visible on this screen), the vacuum oump needle valve was

adjusted to obtain 1000 ml/min.

12



The recorder cables were connected from the recorder to tte

MINICAMS, and the recorder was zeroed on each channel. The NCR ard PAGE

push-buttons -were used to select the Recorder I (RI) screen. ard .he P-',i v

E1TER Dush-.hutton: to selsct the -:hromatr ogram 'CHPCM' caaete,- h I L

The PAGE push-hutton was then pressed intil tie Reco:-7er 2 (,2 s. ,

seen and the above steos were repeated to select the concentration (rfriC')

oarameter (red pen). The chart soeed was set to 2 ,-min '

set on the IOV ranae scale.

The working standard was r.=mnved fror n e ?:-e- ard

-- ailizeo at room temperature. ) succession of agent Lei-3i_ 'n i, -

the inlet valve and with the aid of the recoroer the best aoent qate sti.

for the analyte was determined. A I TWA injection was then mAde ald hiie

viewing the main screen the PARAM oush-hutton was oressed ,i t I r-

oijnking. Whet, the concentration was fisolayed, ENTER W. as '1medi -T e

to calibrate the Instrument at I TWA 'if the audio alarr. has hrce:n at - -_-

pressinq the ENTER push-button w-ill simultaneously sil-nCe the aiT

Several other 1 TWA injections were made to verify that the lisc]aved

concentrations remained close to 1.0 TWA. Table 3 shows the :oeratinq

parameters used for all agents.

13



TABLE 3

General MINICAMS Operating Parameters

TEMPERATUFES -C: Ambient (AMR) : 5 +

.r~ eC, INL) : 5 !

FP , bloc ,YDT, . -

-OD flame PFLAT7 : 25 C.

Column, low (LCOL) : 30 15

Column, high (HCOL) :le

:C- nearter , Iow L P C- -

PCT heater, high d-PCT) : -

PRESSURES psi: Ai- A[tPP; : 5 9

1 i t -o.en N2PR : 2
Hyrccroge, 1H2PR) : -

SAMPLE mim.,in: Flow rate (SAMF) : l)C' - ZZ

VOLTAGE v.d.c.: FPD photomultiplier . 1400 + 51

TIMES sec.: Purge 0 - 120 Sample F r' -'1,-

Desorb 0 - 30 Columr - 79
T 'i ect 120 - 130 Tniel ,
FPD zero 5 - 15 Agent Gate 47 -- 7

" D - 50 .'

PHCTOMULTIPLIER Yellowish-green for ,Zgents GB nd "

OPTICAL FILTER Purple for Agent H

PRECONCENTRATOR Hayesep D for Aqents GB ad X"

TUBE Tena'< GC for Agent HD

V-G conversion pads were installed abcve the inlet _heci ., *.,q
fcr VX analyses. Injections for YX were made by 4,o . t

agent di.-ecty cnto t!"e ,-G pad.

14



2. Acceptance Testing.

Acceptance testing was performed in accordance with a plan

submitted by the Test and Evaluation Office: Research, Development &

Engineering Suoport Directorate; CRDEC (Appendix 1). The instruments ,ere

first installed in the Product Assurance Lab at the Pine Bluff Arsena7. Bct

instrumrents S'N 1304 and 1395 were calibrated by injecti-g 5 -.I

standard into the inlet check valves. Initially, CMS Resear:h r.

recommended using calibration concentrations of 0.16 porm GR, n. onm HD 

.) ppm VX. lnjections o 5 ul o-* thes=e standa-ds a,-e ec'.n,'- t

sampl ng air with TWA levels of aqeit for 8 minutes .siq e Ti '

minute cycling program. To save time, however, Dan Colemar - CT'1 es-'.-

=.uggested using a 9 minute cyclino program. Because bacrirn'i.d -ere--.,<;

were occasionally found to occur in the chromatograms when samol iri for l:' o,

times, additional calibration sets and series of injectijns wre oe'frrred r

each instrument using GS at .05*ppm and HD at 1.62 opm. '

:oncentrations represent the amounts that would be fcur, i.-, a- -t a .

ml 'min flow on a 5 minute cycling orogram with a 3 mirute 5ar~i' i'.

.ons:stant with the oarameters we used while evaluating these iitr-,

Table 3). VX was also evaluated using a 0.023 ppm standard on a 15 ninute

cyclinq program. A fresh standard was used daily, and in all cases a i' "

Hamilton syringe was used for injections at 120 secondF intn each c

Table 3). After the initial calibration. tre instruments ere onl,

recalibrated if 2 or more consecutive data points were out of the acceptance

range (Table 1). Two series of injections were made for each agent rn each

unit with each -.alibration concentration evaluated.

15



3. Functional Field Testinq.

Tests were performed in accordance with the test mlan ubtnitte:_-

bv CRDEC (Appendix 1). The MTNICAMS were powered up daily with the ob--i

laboratory at the laboratory (Bldg. 34-111); the igloo w-is ey obtai:Ted: -he

truck driven to the test igloo site (Bldg. 61-460;-, and the '75 font heirl--:.

sample lines were connected to the external sampling oorts. :ho-t oie,-ps Cr

unheated teflon line were used to connect the internal sampli-q po-t--_ t

MINICAMS inlet check valves.

give microliters or a 0.06 opm GB working ctanda,-d -jre

injerted directly into the inlet check valves to calibrate tt-. i 7,i." .

The ope,-atina parameters are listed in T aole 3. 4) fres- .

daily and in all cases a 10 ul Hamilton syringe was used for i-jecti.

After the initial calibration the units were recalibrated in the field vher

readings began to fall outside + 25% of the target range for each

:oncentration. A data set consists of the four oirts shown i,1 -.

Data set injections were made insioe the ioloo at the end o-

foot heated sample lines at 120 to [30 seconds into the MINICAMS .-- !. ,.-

the I 1/min. flow rate used, the'sample should react- the instrjmer,t i-

seconds, well within the 3 minute sampling time of the cycle. Recause -I

linear mass flowmeters (LMF) were available for these multiagert instr .mernl-.

the vacuum pump sample flow rates were set at 1000 mlimin using a LPF ,! ..,a=

connected to a single-agent MINICAMS. (A single-agent MINICAMS unit ,)-as

available in the mobile lab but was not a part of the Field Functional

Testing.' The vacuum pumps were then switched back to the multiagent units.

16



Periodically the preconcentrator tubes (Ha/eseo D) -equired

cinang'ng. They were generally charged svery few days when the blark beca' t

drift upward following the O 1ji injection of a data set.

After a oaata set o each irstruient w as -o' I  -t _ d +

igioo, the igloo was secured, sample lines were disconnecrec. ai'c tme var.

driven or. oaved and gravel roads for about 30 minutes. The M'.T.N'

neated sample lines were cperated ccntirniojslv after dai I, =-- ,,-ti "

end cf the daily test routine. Data sets were collected fic- - =:r -

' -~ea meriod of e .,ees.

Note was made cf all instrinjert error messaces a'd ,If r- i-

on Failure/Maintenance Data Sheets. Agent challenge response= were re,-rda-d

on Field Functional Test Data Sheets.

-t the conc'lusion cf the day, the M liC l .- 1e -- ed

the gas supplies were turned off at the tanks. The ;gloo wa= =erure. heat-C

samiole lines disconnected from the var, electrical Dower - ' ,: tr.r.e-7.

and the igloo key turned ii.

17



111. Results.

A. Acceptance Testing.

MINICAMS serial number 1394 was subjected to the acreptanre

testing criteria for chemical agent GB at two different agert standard

concentrations: .I& ng/ul and 0..055 ng.'i respectiv,!e;. A ttal n) -4 ia-

nint- werz- Collected at th-e T rq/,l concentratlion. f

subjected to statistical evaluation .si-c -he C'ERTIV f a-e --. ed -

Chemical Stockoile Disposal Program. The 4 points not inclider! 'ern the

lianks that nad readinqs of 0 TWA, and the t ,o in:ections . --;_ at

gave readings of C1.20 TWA -and (...18 TIA. Havino orly tVJc ran t -

these sp iinq levels made it impossibte to include tte'.? dete,-r i7-:': ..

statistical rreatment of the data becA'jse of inabi Iit., of -. _T,=

to accept less than 3 data ooints at each challence .level. Io repear

injections had to be performed for this trial and no outliers mere dr.t-

,A brief summary of the statistical results for this instc-;,iert ,

Tacle 4. Table 7 shows the alarm settings generated ov the CEE[F" :rr-r

from the data collected on instrument !394 using the C.t 57 n,!,l r. -

standard. Diagram 3 shows the Taraet vs. FQund Yelation=S"Io. , ,.ncti

and additional statistical data for acceptance testing of this inst,-rIme!n1

using the same calibration standard. From Tables 4 and 7, it c-an be see "

the instrument alarm setting of 0.80 TWA as recommended b,, 'he narufa -

supoorted by tnis dara. The ccncentraticn interval between the _CC afr,"-

TAL is large enough to minimize the risk of obtaining false ocs'tives ard

negatives. Diagram 3 also shows that the uncertainty (with 95% confidence, i.-

the air sample found concentration .s +13.7%, which is well within the + .S',

16



guideline set forth in AMC 385-131. For the trials conducted using the GB

standard concentration of 0.055 ng/ul on instrument 1394 the results seem :o

be biased toward higher found concentrations. This indizates that a oronlem

may have occurred during the calibration of the instrument. Perhars it t-,asr, 1

sufficiently equilibrat ed, or injection errors mav ha.. occr--F . n I----,,ie

the !-esuIlts are similar to those found for the 0.16 ng'ul :cncey'tratic . "c

repeat injections had to be performed and no outliers were d-tcr-ted.

TABLE 4

Summary o' Results from MINCA1MS Acceptance Testi:--

for
Instrument 1394

Alarm set-iil=
Date Sample Calib FAL TAL LO q,5', conf i -encF

Tested _ent Size Conc ( p.1) (TWA) (TWA) 'TWA' .,wei
23,24 Jan 91 GB 40 u.16 0.825 0.73 712 . -

3'0 fan 1 GB 20 0.055 0.958 0.724
23 Tan 91 HD 41 4.8 0.863 0. 69 17 .!C
31 Jan 91 HD 40 1.62 0.748 0.5q3 .732 a

24 Tan 91 )x 35 0.016 .771. 0.493

FAIL Pound Action Level - "is the highest found concentration at which tha-e
is a 97.5% level of confidence that the true concentration is le= , tna-,
the hazard-level.""

TAIL Target Action Level - "is the highest true concentration that -an be
distinguished with a 97'. level. of confidence from ha3 7r-l=el
concentrations." "

LOO = Limit of Quantitation - "is the lowest true concentration that can te
detected at least 97.5% of the time."

Hazard-level was defined in the CERTIFY program as I TWA equivalent.

19



TABLE 5

Summary of Results from MINICAMS Acceptance Testing
for

Instrument 1395

Date Sample Calib :AL TAL 00O 95.. crr i 0e;-,I
Tested A ent Si.e Conc (ppm, (TWA) (TWA) TW ) e .

_3, , Ta c~i c-s u0 ".. 16 .).-',q4 0.560 ,". '," "., "

30 J]n PI G _, ).55 0.995 0.750 ,.13 1 1-
3 Jan 91 HD 10 4.8 0.824 0.5P9 0.2i.

31 Jan 91 HO 40 1.62 0.780 0.588 .
24 Jan 91 VX 40 0.01. 0.875 0.709 .119 0.893

The same method was used to assess the per ornair,:E- nf i I:rITA

=eria numte,- I395 for themical age-nt GB. Again, two peit st'3rvdaro: a.

conce;t'atiors of 0.10 ra.'ul and 0.055 ng,/ul were used durit~c: s'e i

with the results being similar to those of tristrument number 1394, as ,rn te

seen in Table 5. Table 9 and Diagram 4 show the alarm settinos and Tarqepi vs.

'ound data, respectively, for the data collected using the ,'.'55 qq,'w1

standard. Four repeat injections had to be made during the . -g.:i -

due to operator error, and five repeat injections were made durinq t.e 0. '5

ng/ul trial probably due to the bias towards higher concentrati. n r-eadioCs

that was also present in instrument number 1394.

The results for the HD acceptance testing on both irstrume-ts

mimicked those for the GB ac:eptance testing as can be seen in Tables 4. '1

and 10, and Diagrams 5 and c. There seers to be some indi:iat .:ra s-e

instrument alarm set point for chemical agent HD may need to be lowered to

ensure the results are within the 95% confidence level. This may further be
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determined with aodtional orecision and accuracy studies. Both instruments

have successfully demonstrated the ability to detect chemi-a] agents GB and "D

when operated in a laboratory environment.

MiNTCAMS instrument serial number i 3:4 A'as :halno - u? i

total of 47 data points were co!'ected. ;J)f these, 35 n-e- e - t

statistical treatment found in Table I I and Diacran 7. ard umar:ri 7 ,-7

0O t e .-emainirng data poin-- twc .-jere tlanl-s thar . --z.

=Pike' =-t t).2 3W- o~~hose run concentrat icn o'jas -,TWA.~ t..- ,:

because the operator failed to oerfcrm ne inectoln. a;, taI=

were not included due to a shift in tre retentio-n time )F ts "- -

necess tatino that the agent gate be adjusted. Table 11 s-o-o,,s the .

settings calculated for this data using the CERTIFY program a!-d Diaqr-3m

shows the Tarqet vs. Found data for instrument 13?4. Tesra-? ent-t

interval between the LOQ and TAL incicates a qreater ,-i[ o# false ,

and negatives with this method when ayal'.zinq for V a; :o:_er t. : at-d -.

.Not beinq able to ietect the ).2 TW -hallenge snije is cor=isten- .

high value for the LOQ. The found alarm setting for the 75/ confidence ie.e

aq-ees with the manufacturer's recommendation, but with suh a in d ,r*.rm,

of data points used in this statistical treatment of -ha Iata, fur-th-e-

precisioq and accuracy studies are recommendec to ensure the ".3i ci-

number. The uncertainty in the found concentration in the air sammied .jitr

this method was determined to be +25.1% (See Diagram 7), which is r'p the

threshold of being unacceptable from what is -equired by AMC 38>-.21.
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J)X challenges using O.0-23 ng!ul standard alon with a 15 miut_=

cycling time on MINICAMS unit 1394 were unsuccessful as indicated by rhallenc e

responses frequently teinQ out of acceptance range (Table 1). Data nat ,h,-j,.

The same method was used to assess the performance ,f '-I1 Z%-

nstrutmert serial -r'inOer t3q5 :r chemii agernt V(. A total * .

points w-ere collected and statistically analz:ed. The rsults 2 :- i) f,

Table 12 and Diagram 6 with a brief summary appearing in Table 5. A0 r. -

to-is t- ,a1 tlh e problem with /a,.-iabilit-' cf h-e VX--G3 aralco -. , i r,-

was eno ntered, reauiring that the operator readjst the ace 4 . -

th- '.0- TWA chal t-nre level was nct det c-ed. ;7r,, Tai: -e

concentration interval oetween the TAI_ and 1-J ir,Jtes a i- ci.

negatives, anc cositives with this method. However, the statisti - V,

determined LOO is in question since the 0.2 TWA challenqe level -a i ,ct

capable of being detect-d. The .,certainty in the anai./tic -s':

tne limits set foth by Af1C" 35-13: 'See rianran -' t , ', ;* -, .

13 chal lenges with 0.023 n ./ul VX si nq a 15 ,ni nute -c 1 i 7ri r .

unsuccessful on this instrumert. Instrument resoonse -jas ;r'qi:e: _

acceptance ranqe (Table 1). Data not shown.

B. Field Test Evaluation for Agent G2.

Table 5 sunmarizes the results of testing bc'r- i- .re,;

the mobile lab at the test igloo. The resultant alarm settinqs are shown i,

Tables 13 and 14 while Diagrams 9 and I show the Target vs. Found data.

Based on the small concentration interval between the L0n and TAI_ fo,- both
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instruments, there i= a great risk of o.taining false po-it i ve= arc =eoat , ,aS

with this analtical techniQue. Additionally, because the TAL i= so clcse t.)

te LOO, it would be assumed that L'eepinq an i-ist'u-nent coe--atir at e

hiqh level of oerfcrmance would be costly regarding maintenance time. -ca3 '

narts, and frequency of calibration and -ual ity control -h-i . The f,.:_

alarm setting for the 95% confidence level was below the alarm set- iI

proposed by the instrument manufacturer. For MINICAMS instri.rnent serial

numo-=r 1394 with an alarm set at 0.80 TWA, a challenge sa,cE IF , ! ,, nc, -a

7-)centratin-1 of 1.00 TWA would cause an instrument a a:-m o- I S.

tine 'Table 13). For instrument n umbe- t3 5. the same cali a ce ,J ! -

In an alarm 92.03% of the time (Table 14). The uncertainty k,,ith c95'..

confidence) in the found concentration of GB in an air sample !isino instrmient:

'1394 was determined to be +29.97%. which is outside the l! imit et .- t-

f35-1-31 (Diag-am 9). F:or instrument 1395, the uncertaint'. .'a- .et- - ,

be +26.37% (Diaqram 10), also outside the criteria set forth .n MC 385-131.

TABLE 6

Summary of Results from MINTCAMS Field Testirn

Evaluation for Agent GB

-it 3rm
Calib Sample FAL TAL L-. -9 7r< (7 -. :.-

Instrument Conc ppm) Size (TWA) (TWA) (TW ) level (T_

1394 0.06 290 0.644 0.400 0.279 ..0=

1395 0.06 256 0.721 0.472 0.349 0.766
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For both instruments some of the initial data sets were

rejected because of unsatisfactory instrument calibrations and uncerrti-.t.,

about when the instruments were to be recalibrated. Additional data set= .er-

collected to replace rejected sets. During the test series, err-ti: dal-;

points :.,ere excluded from statisti,-al orccesing when be' ie %eHd tIht t-e ,e'

tied to an aqed preconcentrator tube. Data sets were also exclw.i.ed if it ,z-

apparent that the instrument drifted nut of calibration. When an in~ectio.

was measured outside target limits, it was f -equertiy --u , z 3 --- -

operator error. If both measured re-sults were in reasonable " it.

were totn inzludec i:7 the statistical report: ctherwise the i ':

was recorded bu z not used in the report.

IV. Discussion.
A. Operator Cocmments Instrujment 1314.

The dominant p-roblem with this unit was; -iih v-,

Preconcentrator (PPC), the frequency of which slowed down test4:f:o a- t--

beginning of the Functional Field Test Program. The RPC orohier d'---t

midway during the test program f-or no apparert re~ason. At t~le hei:r',-

the program we also tried to run 2 single-agent units f ct,-:Ja

information. As the single-aqent units failed. we were left wit- ! i 7,r!

multiacent units4. Possibly, 3 cr 4 units created encunh curr, -

uninterruptable power supply (UPS) that the UPS output caused thf ramh C' '

error messages. More probable, the instrment itself was the problem. nince

the PCT heater appeared to opera'e well otherwise, the Manufacturer -an
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probably corre-t this relay error message easily in some predetermined timir.:

circuit.

No recorder signal cculd be sent from the NIICAM l j!,it t i

recorder. This should be correctable by the manufacturer or a -enai-

-echnic ian.

Flame igrition oroblems na,v oe caused by e- "-e s . .,,ensatiol

the heater block o- a poorly flushed hydrogen line and is not :Feern.d seri:.=

eno,,_h to reflect jpcn instrumei- oerForn-ance.

The instrument was easy tc nt-erate and ap e rei t -: -eDo1:- -

tci aqent 3B. The MINCAMS unit did nf-t appear to be a oole as a r- -

,an mobility or, with less ce-tainty, a mobile power source.

There is some problem with instrument calibratio,-. The

multi-agent software requiring CAL to blink before GB passes through the aoen-

qate is not nearly as user friendly as' the older software a l jic th

operator to calibrate anytime during a cycle. Instrument .nsitj.t. tr .

can chanqe during the day although generally the instrument aoears sa:-1e

cver days. The instrument may chance sensitivity betqeer mcrninq ,aii-at:

and later field use, but it is felt this is a general iist-ument conditicn

rather than a oroblem with stabilization due to time of "warm uv". This

evaluator is not comfortable with sinrle-point calibration ard ,.ouir com.,-t

,nt-e -l9:.ibilitv in ,:ii-arion and recz-iration. Furtercr,', 1ee

a balance of benefits between leaving the instruments on 24 hours/day and

shutting them off at night. On the one hand, we have thermal and electrical

stability; on the other, the c'Alumn and PCT heaters are cyclical and would
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appear to be subject to greater failure the more they are used.

An interferent oeak sometimes elutes immediateii after GB .3no

will be detected if the agent gate window is not sufficiently narrow.,.ana-

in nitrogen nressure can cause 1he peak of interest to shift outside tne

w i n dow.

There appears to te ca,-rover of agent from ole -vole t: -e

next vihen the PCT has been used beyond its useful M"fe. This Problem can be

overcome bv adopting a routine changinq interval after rte 7-CT's ,

car be estatlished within tighter bounds than one dav to ore= Aeci.

prohlem might also be corrected with tackflo, on the PCT 4t hrh r e:e:--

to desorb interferences ano carryover.

B. Cperator Comments Instrument 1395.

There were only two recordings of error codes du-i- t --:?

of 4ielcl tests, but for aoout 30 days chis unit was no- opei-ahlp. t-:-.

step-by-step attempts to determine and correct the problems ^jere uronu-?;'.

although with the assistance of service T-epresentat:ves of Cl"S pesea--7' -.

this evaluator was able to narrow the causes down to computer chios tha

needed to be replaced and a chip on the interface bi/O) board that -a=

working.

Repairs of this unit by CMS did ;n fact i'oW clac,.e0-

the EPROM and BIOS computer chips, and the U13 PIA chip on the I/O board. Te

NVRAM computer chip was then downloaded with the proper software package.

Whatsmore, several ot' er repairs were done to upgrade and stabilize inter'-al

parts.

2-b



Since installing the repaired unit, there were n3 errcr

messages or instrument malfunctions in over 65 hours of operatii'g time.

The instrument is eas, to ooerate and did not acoea,- to ne

adve-sely affected by truck mobility or use of a mobile ocwer source.

Instrument 1395 was not necessarily cali-.qted d,.iiv 1,/ iuse

the test plan quidelines said only to calibrate when necessary. Ac~crdi i!.

on some days -the instrument was found to be somewhat out cr cal, .

when it was clear that unit 1395 was miscalibrated, or had d-i.tfd u:.cf

za~bration by a sig-ificant degree. was it -ecalinrated.

Because of an interferent reak that elutes irmid it s

the GB peak, the agent gate window has to be set very "tight>" a,,'md the S3

peak which leaves little room for shift in retention time whenevi-, there -3

change in nitrogen pressure. A longer chromatographic cclumn .cld 'e.v

give t4eter resolution betweer these reaks, ./ielding rc;-e te :bii; f ,

type of analysis.

Confident determination cf which inJection to acC-eCpt f:--

calibration is illusive because of the "single-point" calibratio" tec.1cLue.

For example, it would be beneficial for the user to be able to iP'It the

results from three successive injections and enter the averags as the

calibration value. Also, the multiagent software requirnng CAL to t~ii

before the agent peak passes through the gate is not nearly as user frierzi>,-

as the single-agent software allowing the operator to calibrate anytime durinc

a cycl".
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V. Conclusions.

Both instruments have sUccessfully demonstrated *:he 3bi1-v tz

detect GB and HD when operated in the laboratory. The small ccrcer-t.3tic'i

interval between the LO0 and TAL for 'Vy oo instrument 1204 i;- -It,,--. a -

ris'Y of false negatives when sampling at I TWA. For the fteid Femq ,i1 -

GB, both instruments had a small interval between LOQ and TAL. .,n adoi':o.

the uncertaintv in found concentrations was greater than 2- n -D 1

"nstruments. Field testing for HD and VX is still needed beFo-e t ise ae

ar? io-utinely monitcred. Detection of HD in the lau setti -

and we expect success in the field. The reliabilit- -, '2. d-3fe_- -,.

routine basis is still in question. It is clear that the ooe.-ator, f

instruments will need thorough maintenance training. Due to a a1 ,

ruggedness in design, if this method is to be incorpo,-ated i,-tD - *a',-_.

of :bemical warfare agents, an abundance of spare pa;-ts -ili r e .
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VI. Recommendation.

The MINICAMS as currently configured may meet surveillance

equirements fi~r HO. We recommend they be field tested for this anprit.

~the instrim'en! dil not Qer-,orn well in~ thes laboratr. -u1- h.

a3 recent at.,i i :- n Analvt ical 7-heinistry. ')o I. 63. cors. 4577-45-, :Oc:t'-

Ketlar et.al. which indicates YX cannot be quantitativ,-?v tr nsorte hr'n

-i3:v tu r, c, , -,e !-e7c -mmer.d !, at try-, :rq tc no,-.i t o- ; r t- t-4, T VT AM

;ui eyamination of the GB f ield test oa. i t

Iliquid mhase on the caoilI'iarv column might enhance the cerfrmrn:e o' ,he

MINICAMS. Also, allowing for greater- operator control over I-ev,

Ichroniatogr.aphic pa!-ameters, such as column temperatur-, !-old t"'ne, 1'1(

7-ates ,,JOIoud give L-ach MINJC: MS j;nxt1 the f le::ibi I:t , to be cot i:? i - -L-

particular air- en-'ironment being sarnoled. allow~ing 1ntr' 17:=5

iorrr rrad 1,. serat-ated from the aaer-t oeak. A back-f.ish a.;ieer ~ -

carryover or the preconcentratcr tubes is also recommended. I f1 t~iese

modi-Fic~tions are m~ade wJe suggest the data in this recort irdicate a oe'i

for success i n mini torrig G2 in storage iq1OOS Isi ng 3 NPIh TQ1 ~ Is



Table 7

Alarm settings for GB on instrument 1394 Acceptance Testing using the 0.055 ppm Calibration Std.

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000
------------------------------------------------------------------------

0.2: 0.4781 0.9997 0.9992 0.9991 0.9899 1.0000 1.0000

0.4 0.0001 0.7119 0.9998 0.9987 1.0000 0.9930 0.9907
0.0: 0.0000 0.0033 0.8327 0.9994 0.9997 1.0000 1.0000
0.8: 0.0000 0.0000 0.0283 0.8921 0.9993 1.0000 0.9991
1.0 0.0000 0.0000 0.0000 0.1068 0.9234 0.9991 1.0000
1.2: 0.0000 0.0000 0.0000 0.0005 0.2357 0.9414 0.9988

ALARM SETTING FOR 95% CONFIDENCE LEVEL a 0.9783
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL a 0.9457
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.9059

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

-----------------------------------------------------------------
0.05: 0.2380 0.0000 0.0000 0.0113 0.0000 0.0000
0.10! 0.8773 0.0003 0.0000 0.0074 0.0012 0.0000
0.15: 0.9436 0.0020 0.0015 0.0000 0.0105 0.0000

0.20: 0.9951 0.0173 0.0000 0.0000 0.0100 0.0012
0.25: 0.9997 0.1082 0.0000 0.0000 0.0029 0.0098
0.30: 1.0000 0.3888 0.0004 0.0015 0.0000 0.0110
0.35: 1.0000 0.7548 0.0019 0.0005 0.0000 0.0080

0.40: 1.0000 0.9470 0.0120 0.0000 0.0000 0.0000
0.45: 1.0000 0.9928 0.0804 0.0000 0.0014 0.0000
0.50! 1.0000 0.9992 0.2189 0.0005 0.0009 0.0000
0.55: 1.0000 0.9999 0.5091 0.0021 0.0000 0.0000
0.80: 1.0000 1.0000 0.7980 0.0099 0.0000 0.0014
0.65: 1.0000 1.0000 0.9445 0.0404 0.0002 0.0011
0.70: 1.0000 1.0000 0.9891 0.1328 0.0008 0.0000
0.75: 1.0000 1.0000 0.9983 0.3277 0.0024 0.0000
0.80 1.0000 1.0000 0.9997 0.5938 0.0090 0.0000
0.85: 1.0000 1.0000 1.0000 0.8191 0.0305 0.0003
0.90: 1.0000 1.0000 1.0000 0.9402 0.0900 0.0008
0.95: 1.0000 1.0000 1.0000 0.9845 0.2181 0.0027

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.9457 AND TC OF 0.5 Z a 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.9457 IS LESS THAN
5 PERCENT (%) a 0.730
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Table 8

Alarm settings for GB on instrument 1395 Acceptance Testing using 
the 0.055 ppm Calibration Std.

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000

0.2! 0.9061 0.9993 0.9990 0.9967 1.0000 1.0000 1.0000
0.4: 0.0002 0.9417 1.0000 1.0000 0.9920 0.9954 1.0000
0.6: 0.0000 0.0053 0.9548 1.0000 0.9991 1.0000 0.9899
0.8: 0.0000 0.0000 0.0420 0.9608 0.9998 0.9988 1.0000
1.0 0.0000 0.0000 0.0000 0.1359 0.9641 0.9997 0.9998
1.2: 0.0000 0.0000 0.0000 0.0003 0.2650 0.9660 0.9995

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 1.0138
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.9853
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.9506

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05: 0.0065 0.0000 0.0054 0.0000 0.0000 0.0000
0.05: 0.1357 0.0015 0.0099 0.0000 0.0000 0.0000
0.15: 0.6754 0.0000 0.0000 0.0034 0.0000 0.0000
0.20: 0.9734 0.0004 0.0000 0.0114 0.0000 0.0000

0.25: 0.9992 0.0058 0.0014 0.0036 0.0034 0.0000
0.30: 1.0000 0.0713 0.0000 0.0000 0.0114 0.0000
0.35: 1.0000 0.3939 0.0000 0.0000 0.0070 0.0041
0.40 1.0000 0.8309 0.0007 0.0014 0.0000 0.0112
0.45: 1.0000 0.9815 0.0068 0.0003 0.0000 0.0088

0.50; 1.0000 0.9988 0.0503 0.0000 0.0000 0.0013
0.55: 1.0000 0.9999 0.2390 0.0003 0.0015 0.0000
0.80: 1.0000 1.0000 0.8067 0.0012 0.0005 0.0000
0.85: 1.0000 1.0000 0.8911 0.0079 0.0000 0.0000
0.70: 1.0000 1.0000 0.9828 0.0417 0.0000 0.0015
0.75: 1.0000 1.0000 0.9981 0.1632 0.0005 0.0006
0.80: 1.0000 1.0000 0.9998 0.4257 0.0020 0.0000
0.85: 1.0000 1.0000 1.0000 0.7311 0.0092 0.0000
0.901 1.0000 1.0000 1.0000 0.9178 0.0373 0.0003
0.95: 1.0000 1.0000 1.0000 0.9824 0.1232 0.0008

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.9853 AND TC OF 0.5 Z a 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.9853 IS LESS THAN
5 PERCENT (%) a 0.755
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Table 9

Alarm settings for HD on instrument 1394 Acceptance Testing using the 1.62 ppm Calibration Std.

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.8000 0.8000 1.0000 1.2000 1.4000

0.2 0.2872 0.9809 0.9997 1.0000 0.9991 1.0000 1.0000
0.4o 0.0020 0.3203 0.9513 0.9994 1.0000 0.9994 1.0000
0.8: 0.0000 0.0045 0.3514 0.9403 0.9988 1.0000 1.0000
0.8: 0.0000 0.0000 0.0090 0.3794 0.9283 0.9977 0.9999
1.0: 0.0000 0.0000 0.0000 0.0185 0.4040 0.9180 0.9980
1.2: 0.0000 0.0000 0.00-00 0.0001 0.0272 0.4253 0.903e

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7780
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7391
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.8928

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

-----------------------------------------------------------------
0.05: 0.4891 0.0092 0.0000 0.0005 0.0000 0.0000
0.10 0.7295 0.0350 0.0002 0.0000 0.0005 0.0000
0.15: 0.8928 0.1082 0.0008 0.0000 0.0009 0.0000
0.20: 0.9880 0.2526 0.0035 0.0000 0.0004 0.0000
0.25: 0.9928 0.4893 0.0134 0.0001 0.0000 0.0007
0.30: 0.9988 0.89el 0.0438 0.0004 0.0000 0.0008
0.35: 0.9998 0.8837 0.1171 0.0018 0.0000 0.0004
0.40: 1.0000 0.9522 0.2554 0.0059 0.0001 0.0000
0.45: 1.0000 0.98a7 0.4531 0.0192 0.0003 0.0000
0.50: 1.0000 0.9970 0.8838 0.0541 0.0009 0.0000
0.55: 1.0000 0.9994 0.8313 0.1292 0.0030 0.0001
0.80: 1.0000 0.9999 0.9313 0.2600 0.0094 0.0002
0.85: 1.0000 1.0000 0.9770 0.4400 0.0285 0.0005
0.70: 1.0000 1.0000 0.9938 0.8342 0.0656 0.0017
0.75: 1.0000 1.0000 0.9985 0.7978 0.1419 0.0051
0.80: 1.0000 1.0000 0.9997 0.9081 0.2853 0 0140
0.85: 1.0000 1.0000 0.9999 0.9632 0.4297 j 0349
0.90: 1.0000 1.0000 1.0000 0.9877 0.8079 0.0778
0.95: 1.0000 1.0000 1.0000 0.99a4 0.7851 0.1543

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7391 AND TC OF 0.5 Z a 0.002

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7391 IS LESS THAN
5 PERCENT (%) a 0.e13
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Table 10
Alarm settings for HD on instrument 1395 Acceptance Testing using the 1.62 ppm Calibration Std.

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.0000 0.8000 1.0000 1.2000 1.4000

0.2: 0.9559 1.0000 1.0000 0.9998 0.9998 0.9995 0.9994
0.4: 0.0000 0.7993 0.9982 0.9999 1.0000 1.0000 1.0000
0.8: 0.0000 0.0011 0.7127 0.9853 0.9987 0.9997 0.9999
0.81 0.0000 0.0000 0.0280 0.0680 0.9589 0.9941 0.9988
1.0; 0.0000 0.0000 0.0000 0.0873 0.6418 0.926 0.9850
1.21 0.0000 0.0000 0.0000 0.0013 0.1494 0.8243 0.8941

ALARM SETTING rOR 95% CONFIDENCE LEVEL = 0.8140
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7884
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.7097

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05: 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.10 0.0158 0.0005 0.0005 0.0007 0.0008 0.0008
0.15: 0.8026 0.0000 0.0006 0.0007 0.0008 0.0008
0.20: 0.9998 0.0001 0.0000 0.0001 0.0003 0.0004
0.25: 1.0000 O.OO2 0.0000 0.0000 0.0000 0.0001
0.30o 1.0000 0.1273 0.0003 0.0000 0.0000 0.0000
0.35 1.0000 0.6195 0.0021 0.0001 0.0000 0.0000
0.40: 1.0000 0.9577 0.0152 0.0004 0.0001 0.0000
0.45: 1.0000 0.9988 0.0760 0.0016 0.0002 0.0000
0.50: 1.0000 1.0000 0.2518 O.OO3 0.0005 0.0001
0.551 1.0000 1.0000 0.5438 0.0220 0.0014 0.0002
0.80: 1.0000 1.0000 0.8122 0.0644 0.0040 0.0005
0.05: 1.0000 1.0000 0.9498 0.1560 0.0108 0.0013
0.70 1.0000 1.0000 0.9910 0.3129 0.0267 0.0031
0.75 1.0000 1.0000 0.9988 0.5152 0.0595 0.0009
0.80: 1.0000 1.0000 0.9999 0.7134 0.1197 0.0148
0.85: 1.0000 1.0000 1.0000 0.8608 0.2155, 0.0300
0.90: 1.0000 1.0000 1.0000 0.9443 0.34e7 0.0589
0.95: 1.0000 1.0000 1.0000 0.9815 0.5006 0.1010

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7664 AND TC OF 0.5 Z = 0.001

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7864 IS LESS THAN
5 PERCENT (%) a 0.591
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Table 11

Alarm settings for VX on instrument 1394

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.8000 0.8000 1.0000 1.2000 1.4000

0.2: 0.8347 0.9945 0.9999 1.0000 0.9990 1.0000 1.0000
0.4: 0.1499 0.7040 0.9875 0.9997 1.0000 0.9995 0.9994

0.8: 0.0019 0.1132 0.8834 0.9741 0.9990 1.0000 1.0000
0.8: 0.0000 0.0015 0.0881 0.0004 0.9515 0.9973 0.9998
1.0: 0.0000 0.0000 0.0013 0.0712 0.5218 0.9184 0.9936
1.2: 0.0000 0.0000 0.0000 0.0013 0.0598 0.4515 0.8753

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.8020
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL a 0.7607
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.7113

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000
-------------------------------------------------------------
0.05 0.0554 0.0010 0.0000 0.0007 0.0000 0.0000
0.10: 0.1354 0.003a 0.0001 0.0001 0.0006 0.0000
0.15: 0.2759 0.0121 0.0002 0.0000 0.0010 0.0000
0.20: 0.4671 0.0359 0.0007 0.0000 0.0005 0.0001
0.25 0.8067 0.0919 0.0025 0.0000 0.0000 0.0009
0.30: 0.8262 0.1990 0.0084 0.0002 0.0000 0.0008
0.35- 0.9247 0.3622 0.0247 0.0000 0.0000 0.0003

0.40: 0.9728 0.5572 0.0641 0.0020 0.0001 0.0000

0.45: 0.9915 0.7386 0.1438 0.0003 0.0002 0.0000
0.50: 0.9977 0.8702 0.2755 0.0182 0.0008 0.0000
0.55: 0.9994 0.9457 0.4510 0.0468 0.0017 0.0001
0.80: 0.9999 0.9808 0.6372 0.1001 0.0052 0.0002
0.85: 1.0000 0.9940 0.7944 0.2093 0.0143 0.0008
0.70: 1.0000 0.9983 0.9008 0.3583 0.0359 0.0018
0.75: 1.0000 0.9996 0.9587 0.5342 0.0807 0.0046
0.80: 1.0000 0.9999 0.9851 0.7033 0.1610 0.0120
0.85 1.0000 1.0000 0.9952 0.835r, 0.2833 0.0289

0.90: 1.0000 1.0000 0.9988 0.92-1 0.4398 0.0637
0.95 1.0000 1.0000 0.9990 0.9689 0.8089 0.1285

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7807 AND TC OF 0.5 Z = 0.034

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.707 IS LESS THAN
5 PERCENT M)a 0.522
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Table 12

Alarm settings for VX on instrument 1395

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.0000 0.8000 1.0000 1.2000 1.4000

--------------------------------------------------------------------
0.2: 0.9970 1.0000 1.0000 0.9941 0.9908 0.9898 0.9898
0.4: 0.9488 0.9997 1.0000 0.9943 0.9916 0.9974 1.0000
0.8: 0.0000 0.1974 0.9975 1.0000 0.9992 1.0000 1.0000
0.8: 0.0000 0.0000 0.0139 0.8582 0.9990 1.0000 0.9998
1.0: 0.0000 0.0000 0.0000 0.0018 0.4272 0.9878 0.9993
1.2: 0.0000 0.0000 0.0000 0.0000 0.0003 0.1438 0.8008

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.8930
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.8737
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.8507

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05: 0.0110 0.0000 0.0000 0.0000 0.0089 0.0288
0.10: 0.0150 0.0351 0.0283 0.0389 0.0440 0.0472
0.15: 0.0000 0.0184 0.0402 0.0421 0.0408 0.0380
0.20 0.0000 0.0000 0.0000 0.0025 0.0080 0.0099
0.25: 0.0005 0.0089 0.0000 0.0000 0.0000 0.0000
0.30: 0.0008 0.0000 0.0087 0.0000 0.0000 0.0000
0.35: 0.1841 0.0005 0.0000 0.0089 0.0018 0.0000
0.40: 0.9512 0.0001 0.0000 0.0003 0.0088 0.0080
0.45: 0.9999 0.0170 0.0001 0.0000 0.0007 0.0079
0.50: 1.0000 0.4120 0.0001 0.0009 0.0000 0.0007
0.55: 1.0000 0.9580 0.0040 0.0000 0.0003 0.0000
0.00 1.0000 0.9997 0.0995 0.0001 0.0005 0.0000
0.85: 1.0000 1.0000 0.5717 0.0018 0.0000 0.0009
0.70: 1.0000 1.0000 0.9488 0.0310 0.0001 0.0001
0.75: 1.0000 i.0000 0.9985 0.2288 0.0012 0.0000

0.80: 1.0000 1.0000 1.0000 0.811 0.0134 0.0001
0.85: 1.0000 1.0000 1.0000 0.9399 0.0934 0.0009
0.90: 1.0000 1.0000 1.0000 0.9958 0.3500 0.0074
0.95: 1.0000 1.0000 1.0000 0.9998 0.7130 0.0443

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.8737 AND TC OF 0.5 Z = 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.8737 IS LESS THAN
5 PERCENT (%) = 0.725
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Table 13

Alarm settings for GB on instrument 134. for Field testing

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000

0.2 0.7858 0.9910 0.9995 0.9999 1.0000 1.0000 1.0000
0.4 0.0259 0.8625 0.9623 0.99e0 0.9994 0.9999 1.0000
0.86 0.0000 0.0823 0.5957 0.9183 0.9859 0.9973 0.9994
0.8: 0.0000 0.0003 0.0973 0.5506 0.8895 0.9883 0.9922
1.0: 0.0000 0.0000 0.0024 0.1270 0.5186 0.8222 0.9447
1.2: 0.0000 0.0000 0.0000 0.0082 0.1513 0.4949 0.7793

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7029
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.6439
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.5751

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05: 0.0368 0.0004 0.0000 0.0000 0.0000 0.0000
0.10: 0.1642 0.0026 0.0001 0.0000 0.0000 0.0000
0.15: 0.4358 0.0127 0.0005 0.0000 0.0000 0.0000
0.20: 0.7438 0.048 0.0019 0.0002 0.0000 0.0000

0.25: 0.9290 0.1328 0.0089 0.0005 0.0001 0.0000
0.30: 0.9888 0.2910 0.0208 0.0018 0.0002 0.0000
0.35: 0.9990 0.5067 0.0537 0.0047 0.0008 0.0001
0.40: 0.9999 0.7199 0.1187 0.0120 0.0015 0.0002
0.451 1.0000 0.8743 0.2283 0.0279 0.0036 0.0008
0.50: 1.0000 0.9583 0.3744 0.0585 0.0081 0.0013
0.551 1.0000 0.9884 0.5442 0.1109 0.0172 0.0029
0.60: 1.0000 0.9976 0.7082 0.1909 0.0338 0.0081
0.65: 1.0000 0.9998 0.8347 0.2991 0.0e20 0.0119
0.701 1.0000 1.0000 0.9198 0.4289 0.1060 0.0220
0.75: 1.0000 1.0000 0.9884 0.5871 0.1e92 0.0387
0.80: 1.0000 1.0000 0.9880 0.8974 0.2528 0.0847
0.85: 1.0000 1.0000 0.9963 0.8083 0.3538 0.1028
0.90: 1.00¢C4 1.0000 0.9990 0.8871 0.4a87 0.1548
0.95: 1.00.0 1.0000 0.9998 0.9403 0.5824 0.2216

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.0439 AND TC OF 0.5 Z a 0.179

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.8439 IS LESS THAN
5 PERCENT (%) a 0.427

Page 36



Table 14

Alarm settings for GB on instrument 1395 for Field Testing

PROBABILITY OF ALARM

CONCENTRATION (Z)

INSTRUMENT
SETTING 0.2000 0.4000 0.8000 0.8000 1.0000 1.2000 1.4000

0.2: 0.8274 0.9982 0.9999 1.0000 1.0000 1.0000 1.0000
0.41 0.0682 0.7265 0.9839 0.9995 1.0000 1.0000 1.0000
0.8: 0.0000 0.0898 0.8359 0.9583 0.9974 0.9999 1.0000
0.8: 0.0000 0.0002 0.0732 0.5608 0.9203 0.9918 0.9993
1.0: 0.0000 0.0000 0.0008 0.0787 0.5002 0.8740 0.9810
1.2. 0.0000 0.0000 0.0000 0.0014 0.0798 0.4518 0.8239

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7660
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7208
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.8682

PROBABILITY OF FALSE ALARM
AT

CONCENTRATION (Z)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05: 0.0340 0.0002 0.0000 0.0000 0.0000 0.0000
0.10: 0.1232 0.0014 0.0000 0.0000 0.0000 0.0000
0.15: 0.3117 0.0074 0.0001 0.0000 0.0000 0.0000
0.20: 0.5709 0.0299 0.0004 0.0000 0.0000 0.0000
0.25 0.8017 0.0931 0.0021 0.0000 0.0000 0.0000
0.30: 0.9351 0.2238 0.0085 0.0002 0.0000 0.0000
0.35: 0.9853 0.4221 0.0281 0.0008 0.0000 0.0000
0.40: 0.9977 0.8433 0.0763 0.0029 0.0001 0.0000
0.45: 0.9998 0.8240 0.1714 0.0098 0.0004 0.0000
0.50: 1.0000 0.9322 0.3208 0.0272 0.0012 0.0001
0.55: 1.0000 0.9799 0.5070 0.0881 0.0039 0.0002
0.80: 1.0000 0.9954 0.6918 0.134L7 0.0108 0.0008
0.85: 1.0000 0.9992 0.8374 0.2529 0.0268 0.0018
0.70: 1.0000 0.9999 0.928e 0.4036 0.0593 0.0048
0.75: 1.0000 1.0000 0.9741 0.5705 0.117.1 0.0118
0.80: 1.00(0 1.0000 0.9923 0.7254 0.2088 0.0267
0.85: 1 COO0 1.0000 0.9981 0.84a.1 0.3281 0.0548
0.90: 1.0000 1.0000 0.9998 0.9250 0.4712 0.1021
0.95: 1.0000 1.0000 0.9999 0.9884 0.6181 0.1744

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7208 AND TC OF 0.5 Z = 0.048

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7208 IS LESS THAN
5 PERCENT (%) * 0.502
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1. U=CGOWD. Frot entry monLito€in o chemLal storage depots currently
PonLos of LncorpoatIng 8 ombination ot bubblers, blue band detector tubag,
and ms automatic ohemicaL doeteorso. Thes methads we time@e u aonsu,
expensive and lab o intensive. A potential solution to upgrade current first
entry monitoring procedureS in to us* off the s0e.f laboratory chemical
detection eqipsa & system consisting of a Mni. - hmical Agent Monitor
(NZC&M) mounted Jn a "laboratoryo type vehicle with a heated tube that could

be wpJuggd" ito a chemical munition sta oag. igla is being considered as a
XPlUDaIn't for fn "rent first entry monitoring procedures. The primacy concern
wlth this approach is that the UMZCAN iL a dosIgned to be used in a controlled
laboratory environmuent and therfore may not function properly when subjected to
vibration@ encountered while operating in a moving vehicle* This test program
In boing conducted to determine the abiity o the proposed ystem to conduct

first entry monitoring.

1.3 8TSTSM D U CXTON. The system to be tested will consist of a HINICAN
shooX mounted In a -aboratory" type vehicle with a 75 foot heated tube
connected to a vaccum pump to obtain a potential vapor agent sample from the
storage igloo.

1.3 TZIT OaCTZVI, To determine if the XZZNZCAK can be Lnacorporated for first

entry monitoring of chemical storage Lgloos.

1.4 T ST SCOfI. Testing of two MZNZCAM will be conducted as follow s

A* Acceptance Test* The acceptance test will consist of subjecting

detectors to speafic concentrations of agent.

be Yield Functioning Test. A total of 64 trials will be conducted
during the field functioning tost where each trial will consist of drivLng 30
minutes (XZIZCA turned en for entire trial) and then stopping at a chemical
storage Lgloo to sample.

S.s TISt 3ouZPmT AND NATURZALI.

a. Two NZNZCAN3.

b. one "laboratorya type vehicle.

a. Two 75 fooc heated tubes.

d. ag, GD ND and VS agents as required.

o. Supply gas necessary to Maintain opration of the MNXNCAM.

1.6 4 S5SNLZI

4. Tot UgneiL Iresuoh, 2sst and Svalu&tion Office, €C, will
p pa e test plan and test report.

b. Deetion Direftorate, 03020, will be responsLble for providLng ZINC3M
first entry monitoring systm, for configuring power module and for installing
system into van (vehicle sup,Led by Pine sluff Aresenal)•
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a. RSUSSaMI, DevelopenSt a minsetifng Slupport Directorate, MO will be
responsible fai oveeal. test coordinat.on.

4. Pine Bluf Arsenal wi l be esponsible for test onduot and data
reduction of agent Neuplum tests.

1.7 SITo? Agent testing will be conducted according to the Standard
Operrating Procedure located Jn Appendix A. Testing* will be conducted in
ascOaL=no with Safety 4LZOetLv s and practie ? applicable to this text.
Throughout testing, r-' safety or health hasards encountered will be
documentsd.

SZCTION 2, DTAILN TZlT 1POCZU.S

2&jI A=OPTAM~ UT

2.1.1 Objective

To validate the ability of the XXzXCaU to detect a range-of time
weighted average (TWA) concentration levels oo.f 2, GD, RD and (!) The TWM to
the sum or the products of the toxicant concentration and expo se duration
divided by the total expeure time.

2.1.2 Criteria

ror to per orm satisfactoaily 951 of the 1.0 ul TWA
equivalent values (19 out of 20) must be An the range of 0.75 to 1.25 TWA. in
addition 75% of the remaining values must be within + or - 25% of their
theoretical values, except for the 02 TWR equivalent, values where the results
are desired but aot required.

2.1.3 Required Data

Data will be recorded as shown on data sheetLn Appendix a.

2.1.4 Data Acquistion Procedure

aeatig will be conducted according to the standard operating procedure
located Ln Appendix A and will be conducted in a laboratory with approved
laboratory personnel. TE NZM's Wi1. be eted with 031, 4D, R and VI
agefts. Two separate series of injections will be performed with each series
Onfducted as follom

a. Mne blank (solvent) inasotion.

b. Oe 0.2 i Tft equivalent injection.

a. Fve 0.5 4 TM equaivaLent LnoecLAone.

d. Ten 1.0 A WA equivalent injections.

e. FLve 3.0 TO equAivalet iajections.
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2. 1. 3 Malytioa2 Procedure

After acceptance challenges have been porformed, data collected will be
analysed. If the XXZM's performed at a acceptable leve2. then the field
uttional lost can start. if the dete teors do no prerorm at acceptable

levels, tUe teot will be put on hold until the necessary modifications and/or
adjus ents to the detectors have been made and retested until acceptance, has
been agr od upon.

2.2 1Zl rMXOtZ ,L TICT

2.2.1 Objective,

To determine the ability of the KINlZCAN to perorm first entry
monitoring of a chemial munition storage iglao when mounted in a vehicle.

2.2.2 Criteria

The XXNZCAU f irst entry monitoring system shall provide a gain
of accuracy over current proceduem.

2.2.3 Required Data

Data will be recorded as shown on data sheets In Appendix B.

2.2.4 Data Acquisition Procedure

a. n Preparation for the field tot, a vehicle will be configured to
provide the necessary power, support gases and data recording equipment needed
to support two MZZCARX's. All equipment will be checked for proper operation
prior to test start.

b. Xaofh day, prior to test start, the ZNZCAI' s will be calibrated
(only If necelsary) according to the NINICAME operation and Maintenance Manual.

a. ll. agent testing will be conducted according to the SOP in

Appendix A. Inections of agents shall be within ./- 25% of the TWA.

4. Testing will be cond cted as followas

(1) T!urn an NINZORWS.

(2) Calibrate (first tril& of day only) with W

(3) Drive 30 minutes on paved ad

(4) Stop outside chemical munitLon storage Igloo (empty).

35) Connect 71 foot heated tube from each KZKZCRX through a vent
bole In the lo1o.

(0) OC inside the igloo, , pe J *l wVr. mo a syn"
to Ia ect VI Twh oncentrations of 0*5 *M F and f-VLa.to each heated
tube. Agent testing will be conductedo accordig to the SOP in Appendix A.
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(7) i the NRIZCAJN pd4iaoues no readLng following injecAon iAnto the
tube the XICAN vt be dirActly injected with VX eoncentrations of 0.5 UL,
1.0 uL and 2.0 uL TWA to determine Lf NZNamu in funationing properl.y.

(8) once a trial Lu completed, the tube will be removed from the
Lgloo and and stepiethrough G repeated until 64 trials are completed.

e. Preventive maintenance described An the XXXZCAN Operation and
Maintenanco Manual wi l be performed as required.

g. Unsaheduled maintenance performed will be documented am detailed in
the Appendix 2 data sheet.

.2. 5 Anaytical Prooedurar

Data will be compared to existing data of current fLart entry systems to
determine if new XNXXCAl system is an improvement.

Prepared by,

Joan JAWSN VDIN MUOLT
Test G Ival oft Detectibn Directorate

PacmmendiAnq Approval A

Chisf, Test zag 2r, Test A Ival Ofa

Approved byI

WuKluT" .Ja 'Ph
Oieg, Tet a Uvat aga
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